Hepatocytes occurred in the stomach as incidental findings in 4 I 10-1 12-week-old mice (3 B6C3FI and I Crl:COBS-CDI) sacrificed at termination of2-yr toxicity/carcinogenicity bioassays of unrelated chemicals. Both sexes, and control and treated animals, were affected. Grossly, 2 mice only had 1.0-5.0 mm, smooth, cream-colored nodules protruding from the glandular stomach mucosa. Histologically, the glandular stomach submucosa and lamina propria adjacent to the limiting ridge, and in one case, the forestomach submucosa had circumscribed accumulations of well-differentiated hepatocytes with abundant eosinophilic cytoplasm and round central nuclei. Adjacent gastric glands sometimes exhibited dilation, epithelial hyperplasia, mineralization and/or microherniation into the submucosa. Ultrastructurally, the hepatocytes were polygonal cells with abundant mitochondria and rough endoplasmic reticulum; intercellular bile canaliculus-like structures exhibiting intraluminal microvilli and bounded by desmosomes were also present. No evidence of hepatocellular carcinoma or primary gastric neoplasms was found. No definitive conclusions concerning cell of origin or pathogenesis of these hepatocytes could be made, but hypotheses include congenital anomaly or post-natal transdifferentiation (metaplasia).
INTRODUCTION
We have recently seen in the glandular stomach of 4 mice epithelial cells which do not appear to belong to any recognized class of gastric cell or to be neoplastic cells; they resemble normal hepatocytes. All mice were from 2-yr toxicity/carcinogenicity bioassays of 4 unrelated chemicals conducted by the National Toxicology Program/National Cancer Institute (NTPINCI) (Cases 1, 2 and 3) or Laboratoires Pfizer, France (Case 4).
The occurrence of non-neoplastic hepatocytes in the glandular stomach of mice or other species has not been previously reported to our knowledge.Here, we describe this novel finding in 2 strains of laboratory mice and offer our thoughts on its possible pathogenesis and significance.
MATERIALS AND METHODS

Light Microscopy (LM)
Case histories and gross pathology are presented in Table I . All mice were sacrificed at the termi- Tissue samples from stomach and other organs were fixed in 10.0% buffered formalin, embedded in paraffin, routinely processed, sectioned at approximately 4-5 microns and stained with hematoxylin and eosin (H&E). Multiple H&E sections of stomach (Cases 1, 3, and 4) and liver (Case 3) were also prepared. For Cases 1 and 3, stomach sections were stained with the Sevier-Munger silver technique for neuroendocrine cell granules (9) and for Case 1, stomach sections were stained with the periodic acid-Schiff(PAS) technique with and without diastase (9) . No further workup was possible for Case 2 due to unavailability of residual blocks or tissues.
Transmission Electron Microscopy (TEM)
Samples of the formalin-fixed residual glandular stomach mass from Case 1 were post-fixed in Fowler's solution (3) for 2 days, post-fixed in 1.0% osmium, dehydrated in ethanol, and infiltrated with Epon 812. Resulting blocks were thin-sectioned (approximately 90 nm), mounted on 100-mesh copper- 
Immunohistochemistry
Immunogold procedures for albumin (21) were performed on formalin-fixed stomach from Case 1 using rabbit anti-rat albumin (Cappel, Malvern, PA) or rabbit anti-human albumin (Biogenex, San Ramon, CA) as primary antibody and goat anti-rabbit serum as secondary antibody. Normal B6C3FI mouse liver sections treated or untreated with antibody served as positive and negative controls.
REsULTS
Light Microscopy
Because oftheir similar histologic appearance, all 4 cases will be described collectively, In each case, the glandular stomach immediately adjacent to the limiting ridge was thickened due to large, irregularly-shaped, coalescing submucosal nodular foci of cells resembling hepatocytes (Figs. 1, 2). These foci caused only slight compression of subjacent muscular tunics. In the overlying lamina propria, similar hepatocytes formed rows and bundles which closely apposed the outlines of gastric glands. The muscularis mucosae was always clearly evident even when bordered on either side by hepatocyte accumulations ( Figs. 3, 4 ). In Case 3, a focus of hepatocytes was also noted in the forestomach submucosa immediately adjacent to the limiting ridge.
Hepatocytes were polygonal cells with abundant eosinophilic cytoplasm which sometimes exhibited delicate basophilic stippling or fine vacuolization (Figs. 3, 4) . Nuclei were oval to round, centrally located and had 1-3 nucleoli. Occasional binucleate cells were seen. The cells were closely packed with inconspicuous supporting stroma. Capillaries were intercalated randomly between the cells without clearly discernible sinusoidal arrangement. Kupffer cells were not apparent.
Sevier-Munger stains of hepatocytes were negative. The PAS reaction was positive (fine intracytoplasmic magenta granularity) but was abolished by diastase digestion, strongly indicating the presence of glycogen in the hepatocyte cytoplasm.
Gastric glands surrounded by or adjacent to hepatocyte clusters exhibited various changes which occurred with variable frequency and severity from case to case. Some glands had distorted outlines due to widely dilated lumens filled with pale eosinophilic secretory material, necrotic debris, inflammatory cells and/or amorphous mineralized material ( Fig.  2 ). Glandular epithelium ranged from flattened to hyperplastic (1-3 layers of plump, basophilic, cuboidal to columnar epithelial cells). Some glands were lined by columnar mucous-type cells, with basal nuclei arid large apical vacuoles filled with PASpositive material. Other glands were lined by columnar epithelial cells with intensely eosinophilic, homogeneous cytoplasm that occasionally contained eosinophilic, refractile, crystalline structures ( Fig. 4 ). These structures resembled the "eosinophilic globules" which have been reported in rat and mouse nasal epithelium (1); similar findings commonly occur in various epithelial tissues undergoing degeneration and/or regeneration in aging rodents from NTP studies.
In Case I, focal downward protrusion of a few dilated glands from the lamina propria into the submucosal hepatocyte clusters was evident ( Figs. 3,4) . These glands were lined by epithelium morphologically similar to that in the lamina propria glands ." " . . , . . and were surrounded by clearly-defined basallaminae.
Additionally, in Case 4, a few foci of glandular hyperplasia were seen in the fundic lamina propria distant from the region containing gastric hepatocytes, These foci consisted of small, non-compressing clusters ofslightly dilated glands lined by plump cuboidal to columnar epithelial cells with abundant homogeneous eosinophilic cytoplasm and basilar vesiculated oval nuclei. No primary gastric neoplasms were seen in multiple stomach sections from Cases 1, 3 and 4.
Minimal to moderate multifocal infiltrates of mononuclear inflammatory cells and neutrophils were scattered throughout the submucosa and lamina propria of all cases (Fig. 3) .
The liver masses seen grossly in Cases 3 and 4 were benign hepatocellular adenomas morphologically similar to those frequently seen in aged control mice from NTP studies. They were characterized histologically as well-circumscribed, expansile nodules composed of densely-packed sheets ofwell-differentiated hepatocytes. Features indicative of malignancy such as cellular anaplasia, trabecular or acinar architecture and local invasion were not seen in multiple sections.
Transmission Electron Microscopy
The cells in question were identified in thin sections of glandular stomach from Case 1 (Figs. 5, 6 ). Clusters of closely-apposed polygonal to wedgeshaped hepatocytes were noted in the lamina propria. These cell packets lacked clearly-defined basal laminae and were separated from adjacent glands by thin bands of collagen fibrils and occasional fibroblasts (Fig. 5 ). The hepatocytes contained abundant rough endoplasmic reticulum and numerous round mitochondria. Nuclei were round, centrally located and occasionally double .. Along the intercellular borders were occasional bile canaliculus-like structures consisting of slightly dilated spaces into which protruded delicate microvilli arising from the surfaces ofthe adjacent hepatocytes (Figs. 5,6 ). The boundaries of these canaliculi were usually demarcated by desmosome-like structures (Fig. 6 ), which also occurred at random intervals along the cytoplasmic membranes of adjacent cells.
Immunohistochemistry
Immunogold-silver stains of Case 1 gastric hepatocytes for albumin were negative although positive and negative controls reacted as expected. 
DISCUSSION
Although only formalin-fixed tissues from a small number ofcases were available, we feel that the light and electron microscopic findings confirm that the cells in question are hepatocytes (10) . The negative results for albumin immunohistochemical staining may have resulted from prolonged storage in formalin.
Hepatocytes in the stomach have apparently not been reported previously in mice or other species. No additional cases were found by a computer search of the NTP data base of chronic toxicity/carcinogenicity bioassays containing the pathologic findings from approximately 100,000 mice and 100,000 rats, further underscoring the rarity ofthis finding. How-.ever, the exact incidence of this lesion may be influenced by nondiagnosis, or misdiagnosis as carcinoid, gastric carcinoma or other neoplasm.
Only limited conclusions about this lesion can be made due to the small number ofcases. Cases 3 and 4 demonstrate that hepatocytes can occur spontaneously in the stomachs of untreated controls, in both sexes and in at least 2 strains of laboratory mice (B6C3FI and Crl:COBS-CDl). Whether hepatocytes could arise in the stomach as a treatment effect following chemical administration or other experimental manipulations remains unknown.
Since only one treated mouse in each of 2 studies was affected, it seems unlikely that the hepatocytes were induced by the specific chemicals investigated in these bioassays. If gastric irritation caused by repeated gavage (Case 1) was important in the pathogenesis ofthis change, a higher incidence might be expected among the thousands of mice which have undergone this procedure in NTP studies. Therefore, it is improbable that the gavage route of administration was a significant pathogenic factor.
The cell of origin and pathogenesis ofhepatocytes in the mouse stomach are unknown. These cells were not metastases from primary hepatocellular carcinomas. No primary liver neoplasms were seen in Cases 1 and 2. The hepatocellular adenomas in Cases 3 and 4 were unequivocally benign in histomorphology and, thus, were considered exceedingly unlikely to have produced metastases.
Primary gastric carcinomas in humans can contain foci of neoplastic hepatocyte-like cells (6, 8) . In these neoplasms, the hepatocyte-like cells exhibit features of malignancy such as pleomorphism and! or trabecular architecture (6) . Rarely, ovarian yolk sac tumors in women also display similar "hepatoid differentiation" (16) . However, it seems unlikely that hepatocytes in the mouse stomach are analogous to the neoplastic hepatocytes in human gastric carcinomas or yolk sac tumors for the reasons discussed below.
No primary gastric neoplasms were discovered in the glandular stomach when multiple sections from Cases 1, 3, and 4 were examined. The few gastric glands observed among the submucosal hepatocytes in Case 1 did not exhibit cellular anaplasia, indistinct basal laminae or other features of malignancy. They were considered a nonneoplastic reactive change similar to the gastric or intestinal gland microherniation observed in various pathologic conditions in other species (7, 12, 18, 20) .
Although all cases were discovered in aged mice (110-112 weeks old), the age of onset could not be determined. Therefore, hepatocytes in the mouse stomach may represent a congenital developmental anomaly. In humans, foci of ectopic gut endodermderived tissues have been frequently noted in various organs (usually also ofgut endoderm origin) (2, 4, 22, 23) . Considered congenital misplacements resulting from faulty tissue migration during organogenesis, such foci usually do not result in clinical signs unless their location causes obstruction or mechanical interference with function (2, 4, 11) .
Alternately, the hepatocytes might arise post-natally from an unidentified pluripotential stem cell, or via the process of transdifferentiation (or metaplasia), defined as "a change in a cell or its progeny from one differentiated phenotype to another" (14) . Although transdifferentiation of many tissue types has been reported, it seems to occur especially readily in gut endoderm-derived tissues such as pancreas, liver and gastrointestinal tract (23) . For example, pancreatic hepatocytes in rats and hamsters can be seen spontaneously as well as following experimental manipulations such as chemical administration (13, 19) and induced nutritional imbalances (17) .
Congenital ectopias may exhibit intra-organ site specificity. For example, in humans, the most common location of ectopic pancreatic tissue in the stomach has been reported to be within 5.0 em of the pylorus (4, 11) . Therefore, the uniform location of the hepatocytes (predominantly in glandular stomach adjacent to the limiting ridge) may be evidence for a congenital origin. However, uniformity of location might also give credence to the transdifferentiation hypothesis, indicating regional abundance of some unidentified precursor cell or an especially favorable microenvironment (15) .
Knowledge that hepatocytes in the mouse stomach exist as a morphologic entity is ofmost practical importance to the toxicologic pathologist. Aware-ness of this lesion should preclude misdiagnosis as gastric carcinoma or carcinoid. At this time, we consider the lesion to be an incidental finding of no significance in the interpretation of toxicity or carcinogenicity studies.
